been successfully used to track gene dynamics in larger organisms and/or for slower dynamics (i.e. circadian oscillation), where more total photons can be collected. We have designed novel green, yellow, and red beetle luciferases for optimized expression in budding yeast, a small eukaryote. By combining timelapse luminescence microscopy with a microfluidic device, we are able to track gene expression in single cells with one-minute time resolution. This is an order of magnitude faster than previous studies, and opens the door for tracking fast dynamics (e.g. cell cycle) in single-cell microbes. MicroRNAs regulate a large number of genes in metazoan organisms by accelerating mRNA degradation and inhibiting translation. Although the physiological function of some microRNAs is known in detail, it is not clear why microRNA regulation is so ubiquitous and conserved, since individual microRNAs only weakly repress the vast majority of their target genes and knockouts rarely result in mutant phenotypes. Compelling reasons for this widespread regulation have been suggested, including the ability of microRNAs to provide robustness to gene expression -e.g. by buffering stochastic variations in gene expression. Here we use mathematical modeling and a single cell reporter assay to quantify the effect of microRNA regulation on protein expression variability, or noise, in individual murine embryonic stem cells. We find that microRNA regulation decreases noise for lowly expressed -inherently variable -targets, whereas it increases noise for highly expressed targets. We show that decreased noise results from a reduction in intrinsic noise, which is the dominant noise for lowly expressed genes. However, additional extrinsic noise propagates from the microRNA-pool to the regulated gene and can tip the overall balance towards increased noise at high expression levels. We find that this propagated microRNApool noise can be effectively dampened if the target is regulated by multiple independently transcribed microRNAs, and we can verify this for two endogenous microRNA targets. Our findings show how microRNAs confer robustness to gene expression and offer a plausible explanation for the commonly observed combinatorial targeting of endogenous genes by multiple microRNAs.
physiological function of some microRNAs is known in detail, it is not clear why microRNA regulation is so ubiquitous and conserved, since individual microRNAs only weakly repress the vast majority of their target genes and knockouts rarely result in mutant phenotypes. Compelling reasons for this widespread regulation have been suggested, including the ability of microRNAs to provide robustness to gene expression -e.g. by buffering stochastic variations in gene expression. Here we use mathematical modeling and a single cell reporter assay to quantify the effect of microRNA regulation on protein expression variability, or noise, in individual murine embryonic stem cells. We find that microRNA regulation decreases noise for lowly expressed -inherently variable -targets, whereas it increases noise for highly expressed targets. We show that decreased noise results from a reduction in intrinsic noise, which is the dominant noise for lowly expressed genes. However, additional extrinsic noise propagates from the microRNA-pool to the regulated gene and can tip the overall balance towards increased noise at high expression levels. We find that this propagated microRNApool noise can be effectively dampened if the target is regulated by multiple independently transcribed microRNAs, and we can verify this for two endogenous microRNA targets. Our findings show how microRNAs confer robustness to gene expression and offer a plausible explanation for the commonly observed combinatorial targeting of endogenous genes by multiple microRNAs. On the other hand, non-steady-state conditions are clearly of critical importance. One example that opens a unique window to studying non-steady-state gene expression patterns is viral infection. The lytic pathway of most bacteriophages leads to production of the machinery of the virus and eventually the infected cells burst. Here we use phage lambda and E. coli as a model system to study the intracellular dynamics of viral products from the nucleic acid to protein level. We use single-molecule fluorescence in situ hybridization and fluorescence fusion proteins to quantify the copy number of viral nucleic acid and protein products in single cells during the lytic pathway as a function of time. We ask how the growth curves of the viral products can be explained by using simple master equations describing the replication/transcription/translation of the well-characterized phage lambda genetic regulatory circuit. We also examine the molecular balance in the viral production process, as balance in subcomponents is a recurring principle in the biosynthesis of ribosome, protein complexes and metabolic pathways. In particular, how wasteful is the production compared to the burst size (the average number of viral particles released per cell as measured in titer experiments), and whether the viral components (for example the capsid protein to genome ratio) are produced to the correct stoichiometry that is well-defined from structural studies for mature viral particles. While we can measure average gene expression levels with bulk biochemistry assays, much less is known about where transcription occurs within individual cells and how this varies in response to changes in the cells' environment. Here we use photoactivated localization microscopy (PALM) combined with single particle tracking to directly visualise individual fluorescently labelled RNA polymerases in live Escherichia coli. Following on from previous studies in fixed cells 1 , this work in live cells allows us to track the motion of single molecules and analyse their diffusive motion. After accounting for fluorophore blinking, we find that between 45 -50% of RNA polymerases have an apparent diffusion coefficient of less than 0.1 mm 2 s À1 . These molecules are likely to be bound to DNA on promoters or transcribing genes, and hence tell us where gene expression is taking place inside living cells. Under different growth conditions the ratio of bound to diffusing molecules remains similar; however, there are clear changes in the spatial distribution of bound molecules. In rich media, immobile RNA polymerases show large clusters of between 40 and 80 molecules, likely due to heavy transcription on the seven E. coli ribosomal operons. This is the first time such clustering has been seen in live cells. In nutrient poor media extensive clustering is not seen, consistent with a wider distribution of transcription over many genes. Comparing the spatial distributions of bound and diffusing RNA polymerases also tells where transcription happens relative to the nucleoid. Averaging over many cells show that bound RNA polymerases are more likely to be found at the nucleoid periphery, indicating that the bacterial chromosome may be spatially organised with transcribed regions close to the cytoplasm. Protein expression in a live cell is an intrinsically noisy phenomenon. Random events of protein-DNA binding, burst-like character of transcription, and variations in translational capacity among different cells often result in a broad distribution of protein concentrations in an isogenic population. It is believed that such variations in the expression levels of regulatory proteins contribute to phenotypic diversity. However, this hypothesis is hard to verify experimentally as it requires tracing the change of phenotype to a rare fluctuation at the molecular level. To investigate how a single cell responds to a fluctuation in protein concentration, we present a novel experimental approach that allows us to introduce arbitrary size transcriptional perturbations in a live cell. The approach utilizes a recently developed light-activated transcription system in budding yeast and provides a way to deliver fast transcription pulses with single cell resolution. After the perturbation, we examine kinetics of protein concentration relaxation at the single cell level. We also study phenotypic consequences of perturbations in the case of a known bistable switch of galactose utilization.
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Spatio-Temporal Dynamics of Phase Variants in Expanding Gonococcal Populations Enno R. Oldewurtel, Nadzeya Kouzel, Berenike Maier. Department of Physics, University of Cologne, Cologne, Germany. Various bacterial species carry mutation hotspots on their genomes that act at high frequencies to reversibly switch off the generation of surface molecules. This process of phase variation is believed to be a major adaptive strategy to escape the immune system. However, most new clones are likely to get lost within a population due to the stochastic fluctuations in the early fixation process. Here, we directly visualised the spatio-temporal dynamics of a new clone and its progeny within a growing microcolony of the human pathogen Neisseria gonorrhoeae. At a high rate N. gonorrhoeae switches off the production of a major virulence factor, the type IV pilus. Imitating this, we designed DNA to replace an essential pilus gene with the gene for an egfp reporter and plated it on a surface. Stochastically, individual P þ cells within an expanding colony growing on this surface integrated this DNA into their genome, lost their pili (P-) and became fluorescent. Monday, February 17, 2014 373a 
